APPARATUS FOR DECREASING 
SKIP COATING ON A PAPER WEB 
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Background of the Invention 

This application is a continuation of co-pending application serial no. 09/953,724, 
filed September 17, 2001, which in turn is a division of co-pending application serial no. 
09/371,425, filed August 10, 1999, which is a continuation-in-part of co-pending 
application serial no. 076,694, filed May 12, 1998 and now patent no. 5,968,270, which is 
a continuation of co-pending application serial no. 800,407, filed February 14, 1997 and 
now patent no. 5,789,023, which is a division of application serial no. 432,431, filed April 
27, 1995 and now patent no. 5,603,767, which is a division of application serial no. 
241,475, filed May 12, 1994 and now patent no. 5,436,030, which is a continuation-in- 
part of application serial no. 943,919, filed September 11, 1992 and now abandoned. 

The present invention relates to a method of and apparatus for applying liquid 
coating material onto a moving web of paper, and in particular to a coating method and 
apparatus of the fountain applicator type. 

Coating a web of paper is generally effected by the application of a liquid coating 
material onto a moving web. The coating material may be comprised of a solid 
constituent suspended in a liquid carrier. The quality of the coating applied onto the 
paper web depends upon a number of factors, an important one of which being how the 
material is applied. The application of the coating material should preferably result in a 
coating that is continuous and uniform across the web. 



One method previously used to coat paper webs was to feed liquid coating 
material to applicator rolls that applied the material directly onto the moving web. 
While the use of applicator rolls yields a fairly uniform coating across the web, as web 
speeds increase there often occurs a film split pattern in the coating applied onto the 
web, i.e., cross-direction variations in the weight of the coating on the web. This 
technique therefore does not lend itself to coating webs at high speeds. Direct 
application by rolls also creates forces in the roll/ web nip that imbed or force coating 
material into the web instead of covering the outer surface of the web to enhance 
smoothness. 

In an attempt to avoid these and other problems, the art developed a coating 
process in which the liquid coating material was jetted in a free 
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standing curtain of coating liquid directly onto the moving web with a fountain 
applicator. While fountain applicators overcome many of the limitations of 
roll applicators, in their use, skip coating often occurs. Skip coating is caused 
by air entrained in the coating liquid being contacted against the paper web 
and preventing the coating liquid from uniformly contacting and being 
uniformly applied onto the web surface. To decrease the severity of the skip 
coating problem, fountain applicators customarily include coating/air 
separation equipment to remove air from coating liquid prior to delivery of the 
coating liquid to the applicator, but the equipment is not 100% effective and 
some air remains entrained in the coating liquid jetted against the web surface 
and causes skip coating. 

Qhififita Qf the fa^wttoa 

An object of the present invention is to provide an improved fountain 
applicator for applying liquid coating material onto a paper web, in which the 
resulting coating on the web is substantially skip free. 

Another object is to provide such a fountain applicator, in which a 
sheet of coating liquid is flowed along a curved surface substantially 
immediately prior to being impinged against the web, to subject the sheet to 
centrifugal force to cause air entrained in the coating liquid to move away 
from the curved surface. 

A further object is to provide such a fountain applicator, in which the 
sheet of coating liquid, after leaving the curved surface, is directed toward the 
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web in a free standing jet curtain of coating liquid that is impinged against the 
web, to contact the web surface primarily with the side of the jet curtain of 
coating liquid that was toward the curved surface and is relatively free of 
entrained air, to decrease the occurrence of skip coating on the web surface. 

Yet another object is to provide such a fountain applicator in a paper 
coating system that includes a downstream doctor for metering and leveling on 
the web surface an excess coating layer applied onto the web surface by the 
applicator. 

Suimnaa of the Invention 

In accordance with the present invention, an applicator for applying 
coating liquid onto a surface of a moving web comprises an elongate concave 
curved surface that is positionable proximate to, transversely of and spaced 
from the web; and means for forming an elongate sheet of coating liquid, for 
flowing the sheet along the curved surface, and for then projecting the sheet in 
a free standing jet curtain of coating liquid against and across the surface of 
the web. The coating liquid sheet, upon being flowed along the curved 
surface, is subjected to centrifugal force to cause air entrained in the coating 
liquid sheet to move away from one side of the sheet that is toward the curved 
surface, so that the one side is then relatively free of entrained air. The free 
standing jet curtain of coating liquid is directed against the web to contact the 
web surface primarily with the one relatively air-free side of the coating liquid 
sheet to decrease the occurrence of skip coating on the web surface. 
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The applicator applies the coating in excess onto the web surface, and 
also included are downstream doctor means for metering and leveling the 
excess coating layer to a desired coat weight. The doctor means may 
comprise a single metering device. Alternatively, the doctor means may 
comprise a first metering device for partially metering and leveling the coating 
layer, followed by a second and final metering device for metering and 
leveling the coating to the desired final coat weight. 

The invention also contemplates a method of applying a coating liquid 
onto a surface of a moving web, which comprises the step of flowing a sheet 
of coating liquid along an elongate concave curved surface that is proximate 
to, extends transversely of and is spaced from the web, to subject the coating 
liquid sheet to centrifugal force to cause air entrained in the coating liquid to 
move away from one side of the sheet that is toward the curved surface, so 
that the one side of the sheet is relatively free of entrained air. Also, included 
is the step of directing the sheet of coating liquid, after it has been flowed 
along the curved surface, toward the web in a free standing jet curtain of 
coating liquid, to contact the web surface primarily with the one relatively air- 
free side of the coating liquid sheet to decrease the occurrence of skip coating 
on the web surface. 

The coating liquid is applied is excess onto the web surface, and the 
method also includes the step of doctoring the excess coating layer on the web 
to a final coat weight. The doctoring step may comprise doctoring the excess 



5 



coating layer with a single metering device. Alternatively, the doctoring step 
may comprise metering and leveling the coating layer with an initial metering 
device, follow d by metering and leveling the coating layer to a desired final coat 
weight with a second metering device. 
Brief Description of the Drawings 

Fig- 1 shows a prior art fountain applicator; 

Fig. 2 shows a fountain applicator that embodies the teachings of the 
present invention; - 

Fig. 3 illustrates a coating supply system of a type that may be used to 
deliver coating liquid to the fountain applicator of the invention; 

Fig. 4 shows an alternate embodiment of a fountain applicator that 
incorporates the teachings of the invention; 

Figs. 5A and 5B are graphs that respectively show the degrees gloss and 
the Parker Printsurf smoothness of a coating applied onto a web with the 
fountain applicator of Fig. 2, for various speeds of travel of the web past the 
applicator; 

Fig. 6 shows a coating system embodying a fountain applicator of a type 
shown in either Fig. 2 or Fig. 4, and 

Fig. 7 shows a further alternate embodiment of a fountain applicator that 
incorporates the teachings of the invention. 
Detailed Description 

The Prior Art 
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A fountain applicator of a type contemplated by the prior art is 
Fig. 1 and indicated generally at 20. The applicator is part of a paper 
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coating machine, and extends parallel to and coextensively with a movable 
support or backing roll 22 which rotates in a direction shown by an arrow 24 
and supports a web of paper 26 during its travel past the applicator. Th 
applicator has front and rear walls 28 and 30 that form an elongate metering 
slot 31 leading to an elongate outlet nozzle 32. The metering slot 
communicates with a chamber 34 that receives liquid coating material under 
pressure from a source of material, for flow of the coating liquid upwardly to 
and through the outlet nozzle, as indicated by the line and arrow. The outlet 
nozzle extends coextensively with the backing roll 22 and transversely of and 
across the paper web, and is proximate to and faces the paper web where it is 
supported on the backing roil. The upper end of the applicator rear wall 30 
extends beyond the upper end of the applicator front wall 28 and defines a gap 
36 with the web, and where it extends beyond the applicator front wall, the 
applicator rear wall has a flat surface 38. Coating liquid introduced into the 
chamber 34 flows upwardly to and out of the outlet nozzle in a sheet of 
coating liquid 40 that flows across the flat surface 38 at the upper end of the 
applicator rear wall. Upon leaving the flat surface, the sheet of coating liquid 
is directed in a free standing jet curtain of coating liquid against and 
transversely across the paper web, at an acute included angle a with the web f 
as the web is moved past the applicator. 

In operation of the applicator 20, the free standing jet curtain of coating 
liquid is impinged against the surface of the backing roll supported paper web 
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26 to apply onto the web surface an excess layer of coating liquid that is 
doctored to a desired coat weight by a downstream doctor 42. In order for the 
applicator to apply an excess coating layer that is reasonably free of voids r 
skips, it is imperative that there not be an excessive amount of air entrained in 
the coating. To minimize entrained air, a conventional air removal system 
may be incorporated into the coating supply system that delivers coating liquid 
to the applicator, such air removal systems being well known in the art and 
two representative examples of such being taught by U.S. patents nos. 
4,290,791 and 4,643,746. However, even when an air removal system is 
employed, some air remains entrained in the coating and contacts the web, 
causing skip coating on the web, especially at high speeds of travel of the web 
past the applicator. 

The Invention 

In improving upon prior fountain applicators, the invention provides 
improved fountain applicators that are uniquely configured to apply onto a 
surface of a paper web a coating layer that is essentially skip free. One such 
applicator is shown in Fig. 2 and is configured to cause air entrained in a 
coating liquid sheet that is emitted from an elongate fountain outlet nozzle, to 
move away from a side of the sheet that is impinged against the web, so that 
the web surface is contacted primarily with coating liquid that is relatively free 
of entrained air. This is accomplished by flowing the coating liquid sheet 
along a curved surface of the applicator, to subject the coating liquid sheet to 
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centrifugal f rc to cause th dense coating liquid to mov toward on side of 
the coating liquid sheet that is toward the curved surface and impinged against 
the paper web, and air entrained in the coating liquid to move away from the 
one side and toward an opposite side of the sheet that is away from the curved 
surface and out of substantial contact with the web. The radius of the curved 
surface is selected for the magnitude of centrifugal force desired, the 
magnitude also being a function of the flow velocity of the coating liquid sheet 
across the curved surface. The flow velocity of the coating liquid sheet is, in 
turn, a function of the cross sectional area of the fountain outlet nozzle and of 
the volume flow rate of coating liquid through the nozzle, and must be such as 
to ensure that the coating liquid applied onto the paper web completely and 
uniformly covers the web surface. 

More particularly, the fountain applicator of Fig. 2 is indicated 
generally at 50 and applies onto a surface of a paper web 52, which is carried 
past the applicator on a backing roll 54 that rotates in a direction as shown by 
an arrow 56, an excess layer of coating liquid that is doctored to a desired coat 
weight by a downstream doctor means such as a blade 58. The fountain 
applicator is part of a paper coating machine, and extends in the cross-machine 
direction, parallel to the backing roll 54 and transversely of, across and spaced 
from the backing roll supported web. The applicator has front and rear walls 
60 and 62, and attached to the upper end of the rear wall is a plate 64. The 
front and rear walls and the plate form a chamber 66 therewithin, into which 
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liquid coating material is delivered under pressure via a coating liquid 
distribution pipe 68 that extends longitudinally through 'the chamber and has a 
plurality of coating outlet openings 69 spaced longitudinally therealong. Th 
front and rear walls may be hinged at their lower ends for movement apart to 
provide access to the chamber 66 for cleaning, for example as taught by U.S. 
patent no. 4,534,309. 

A metering slot 70 is defined between the front wall 60 and the plate 
64. The metering slot extends upwardly .from the chamberl66 and transversely 
of and across the backing roll supported web 52, and from bottom to top is 
inclined toward the front of the applicator to enhance a migration of air 
entrained in the coating liquid upwardly toward the side of the metering slot 
defined by the plate. A replaceable elongate deflector tip 72 is at the upper 
end of the front wall and an elongate outlet nozzle 74 from the metering slot is 
at the top of the plate 64 between the plate and the deflector tip. On its side 
toward the outlet nozzle, the deflector tip has an elongate flat surface 76 and 
an elongate concave curved surface 78 that is positioned proximate to, 
transversely of and spaced from the web. The flat surface begins within the 
metering slot, it may but does not necessarily need to extend upwardly beyond 
the outlet nozzle, and leads to the curved surface. Coating liquid exiting the 
elongate outlet nozzle flows in a sheet along the flat surface of the deflector tip 
to, along and then off of the curved surface in a free standing sheet or jet 
curtain of coating liquid that is directed against and across the web surface at 
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an appropriate included acute angle. If desired, the downstream end of th 
coating liquid flow surface of the deflector tip could terminate in an elongate 
flat surfac (not shown) of relatively limited length beyond the curved surface 
78 , along which the coating liquid sheet would flow after leaving the curved 
surface and before being projected toward the web in a free standing sheet or 
jet curtain of coating liquid. Adjustable deckle devices (not shown) may be at 
opposite ends of the elongate outlet nozzle to control its transverse extent and, 
therefore, the transverse extent of the sheet of coating liquid? thereby to 
control the width of the coating layer applied onto the web. 

Before considering the manner of operation of the fountain applicator 
50, a typical coating supply system for the applicator will first be considered 
in general terms. As seen in Fig. 3, a coating supply system may include a 
covered surge tank 82 for holding a main supply of liquid coating material that 
is stirred by a motor driven impeller unit 84. Coating liquid flows from the 
tank through a valve 86 to a pump 88 that delivers the coating liquid under 
pressure through a valve 90 and a mesh filter 92 to an air removal device 94 
that advantageously is of a type disclosed in copending patent application serial 
no. 08/228,281 to James Hoogesteger and Wayne Damrau, filed April 15, 
1994 and assigned to the assignee of the present invention, the teachings of 
which are specifically incorporated herein by reference. The air removal 
device may be of a conventional type, and operates to remove entrained air 
from coating liquid supplied from the surge tank and to deliver the removed 
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air, carried in a small portion of the coating liquid, through a valve 96 for 
return to the surge tank. The remaining coating liquid exiting the air removal 
device is flowed through a valve 98 into one end of th distribution pipe 68 of 
the fountain applicator 50* At an opposite end of the distribution pipe there is 
an outlet 100 from the top of the distribution pipe (Fig. 2), that leads back to 
the surge tank through a valve 102- The outlet allows recirculation of a small 
portion of the coating liquid supplied to the distribution pipe, in order to 
remove accumulated air from the top of the distribution pipe- and enhance a 
uniform pressure of coating liquid throughout the chamber 66 for uniform 
application of coating onto the moving web. Valves 104 and 106 selectively 
direct coating liquid returned from the fountain applicator to the surge tank, to 
a sewer and/or to reclamation apparatus. A valve 108 is connected between 
the upstream side of the valve 90 and the surge tank, and a valve 110 at an 
outlet from the surge tank leads to the sewer or the reclamation apparatus. 
When the fountain applicator is operating, the valves 86, 90, 96, 98, 102 and 
104 are open and the valves 106, 108 and 110 are closed. When the fountain 
applicator is not operating, the various valves are selectively opened or closed 
to accomplish a desired result (e.g., to accommodate cleaning of the system 
with wash water), as is readily understood by those skilled in the art. 

In operation of the fountain applicator 50 and with reference to Fig. 2, 
coating liquid delivered to the applicator by the coating supply system is 
introduced into one end of the distribution pipe 68 and flows through the pipe 
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openings 69 into the chamber 66. The air removal device 94 removes from 
the coating liquid much of the entrained air t but it is not 100% effective, so 
some air remains entrained in the coating liquid delivered to the applicator. 
Some of the remaining air that accumulates at the top of the distribution pipe 
passes through the outlet 100 and is removed, but some still remains entrained 
in the coating, and with prior fountain applicators, this limited amount of 
remaining entrained air causes skip coating on a paper web. However, in use 
of the applicator of the invention, entrained air remaining in" the coating liquid 
flowed from the chamber 66 and out of the outlet nozzle 74 is prevented from 
contacting the surface of the web, and therefore from causing skip coating. 

More specifically, coating liquid delivered into the chamber 66 flows 
upwardly through the metering slot 70 and exits the elongate outlet nozzle 74 
in an elongate sheet 1 12 of coating liquid that extends transversely of the paper 
web 52. The sheet of coating liquid flows along the deflector tip flat surface 
76 to the concave curved surface 78, where the sheet is forcefully flowed 
against the curved surface as its direction of flow changes to conform to the 
curved surface. Causing the coating liquid sheet to follow the curved surface 
subjects it to a centrifugal force that causes the dense coating liquid to move 
toward one side-1 16 of the sheet that is toward the curved surface and the 
much less dense air entrained in the coating liquid to move away from the one 
side and toward an opposite side 118 of the sheet that is away from the curved 
surface, so that the one side of the coating liquid sheet is relatively free of 
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entrained air. After fl wing along the curved surface, the sheet f coating 
liquid flows off of the deflector tip in a free standing elongate sheet or j t 
curtain of coating liquid directed toward, transversely across and against the 
paper web surface, such that an included acute angle 8 is defined between the 
plane of the sheet of coating liquid and a tangent to the web at the point of 
contact of the sheet with the web. In consequence, the web surface is 
contacted primarily with the one side 116 of the coating liquid sheet that is 
relatively free of entrained air, while the opposite side 1 18 of the sheet of 
coating liquid, toward which the entrained air has moved, is out of substantial 
contact with the web, so that there is a decrease in the occurrence of skip 
coating on the web surface. The layer of coating liquid applied onto the web 
by the applicator is in excess and is doctored to a desired final coat weight by 
the downstream doctor means 58. 

The minimum centrifugal force to which the sheet of coating liquid 112 
is to be subjected is that which just results in application of a substantially 
skip-free coating onto the paper web 52. As is known, the centrifugal force 
exerted on the sheet of coating liquid is equal to the product of the mass of the 
coating liquid and its flow velocity squared, divided by the radius of the 
defector tip curyed surface 78. The mass of the coating liquid may be 
considered as a constant, which in practical terms means that the centrifugal 
force may be varied by changing either the flow velocity of the coating liquid 
sheet or the radius of the curved surface. The flow velocity of the coating 
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liquid sheet is a function of the cross sectional area of the elongate outlet 
nozzle 74 and of the volume flow rate of coating liquid through it, and is 
chosen so that the applied coating completely and uniformly covers th web 
surface. Since there are limits on the minimum volume flow rate of coating 
liquid required to obtain a uniform coating on the paper web, and since there 
are practical limits on the maximum volume flow rate of coating liquid that 
can be forced through the metering slot 70 and outlet nozzle 74, to subject the 
coating liquid stream to a desired centrifugal force, it usually^is most 
convenient to contrtol the radius of the deflector tip curved surface 78. 
Nevertheless, while the magnitude of centrifugal force exerted on the coating 
liquid sheet may be increased by decreasing the radius of the deflector tip 
curved surface and vice versa, there also are practical limits on how small the 
radius may be. It presently is contemplated that the curved surface have a 
radius on the order of about .125" to .500*, which is believed to be sufficient 
to properly densify the coating liquid on the side 1 16 of the coating liquid 
sheet that is impinged against the web or, put another way, to cause a 
sufficient amount of the entrained air to move away from the side that is 
impinged against the web, so that skip coating does not result. It also is 
contemplated that the curved surface have a arcuate extent in the range of 
about 45° to 90° , with about 70° likely being optimum. 

The angle of attack of the free standing jet curtain of coating liquid 
against the paper web, i.e., the included angle between the plane of the sheet 
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or curtain of coating liquid and a tangent to the web surface at the point of 
contact of the sheet with the web, should be chosen to obtain optimum coating 
results. For the applicator 50, good coating results have been experimentally 
obtained with an included angle of 30° to 50% and preferably about 35% when 
using an oudet nozzle 74 having a width of .048", with the linear distance 
between the upper end of the deflector tip curved surface 78 and the point of 
impact of the coating liquid curtain against the web being on the order of 
.312% and with the deflector tip flat surface 76 having a fctagth of about .125" 
in the direction of flow of the coating liquid sheet* However, these particular 
parameters may have other values, since the optimum value of each parameter 
is influenced by and generally dependent upon the values of the other 
parameters, and it is contemplated that the outlet nozzle have a width in the 
range of about •025* to .050* and also that the flat surface 76 on the deflector 
tip could be eliminated, in which case the curved surface 78 would begin 
immediately at the outlet nozzle 74. 

By way of example, if the outlet nozzle 74 has a width of .048" and a 
length of 17% and if 5,000 cps viscosity coating liquid at 20 rpm Brookfield is 
flowed through the nozzle at a rate of 25 gallons per minute, then the cross- 
sectional area _A of the nozzle is .816 square inch, the volume flow rate Q of 
coating through the nozzle is 5,775 cubic inches per minute, and the average 
velocity V of coating liquid through the nozzle is Q/A, i.e., 590 feet per 
minute. If it is assumed that there is a 35% reduction in effective nozzle gap 
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due to the coating having zero velocity at the nozzle walls, then the fastest 
average velocity of coating liquid through the nozzle is' 590/. 65, i.e., 908 feet 
per minute. 

With an outlet nozzle width of .043*, coating liquid flow rates from the 
nozzle can range from about 1.25 gallons per inch nozzle length in the 
direction transverse of the web to about 3. 10 gallons per inch length, so for a 
nozzle having a length of 122", total flow rates of coating liquid through the 
outlet nozzle would be on the order of 170-380 gallons peF minute. At such 
flow rates, the velocity of coating liquid flowing out of the nozzle would be in 
the range of about 560-1,375 feet per minute. Coating liquid is therefore 
emitted from the outlet nozzle and impinged against the web surface at 
relatively high velocities. 

While in the fountain applicator 50 shown in Fig. 2, the coating liquid 
flow surfaces 76 and 78 of the deflector tip 72 are exposed to the outside of 
the applicator and located downstream from the metering slot 70 and the 
elongate outlet nozzle 74, the liquid flow surfaces could be part of and located 
within the fluid flow path defined by the metering slot 70. In this case, as 
shown in Fig. 4 the upper end of the plate 64 is extended along, spaced from 
and curved to conform to the fluid flow surfaces 76 and 78, so that the 
metering slot then extends along and includes the fluid flow surfaces. With 
this arrangement, the coating liquid sheet is subjected to centrifugal force 
while within the upper end of the metering slot, an elongate outlet nozzle 74 f 
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is at th uppermost end of the deflector tip, and the free standing sheet or jet 
curtain of coating liquid is projected directly from the elongate outlet nozzle. 

In the embodiments of applicators shown in Figs. 2 and 4, the path 
followed by the coating liquid sheet, preferably throughout the entirety of the 
metering slot 70, but at least as the sheet approaches the end of the metering 
slot and until it is projected from the applicator, advantageously curves in one 
direction only and, along any length where the path is not curved, it is 
straight. In consequence, the centrifugal force to which tfie coating liquid 
sheet is subjected is always in a direction to cause air entrained in the coating 
liquid sheet to move away from, not toward, the one side 116 of the sheet, 
i.e. , the side of the sheet that is toward the outside of the curve(s) in the fluid 
flow path and with which the web surface is primarily contacted. In other 
words, the fluid flow path followed by the coating liquid never curves in a 
direction that would cause the coating liquid sheet to be subjected to 
centrifugal force that moves entrained air toward the one side 116 of the sheet. 
The one side of the coating liquid sheet, with which the web surface is 
primarily contacted, is therefore kept relatively free of entrained air. To 
obtain decreases in skip coating it is not necessary to move entrained air 
completely over to the opposite side of the coating liquid sheet, but only away 
from the one side of the sheet that primarily contacts the web, by perhaps 
several thousandths of an inch. 
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In addition, coating liquid is introduced under pressure into and onto 
the fluid flow path in order that the velocity flow of the coating liquid will be 
sufficiently fast to generate sufficient centrifugal force to properly practice the 
invention. This enables webs traveling at high speeds, from 2,400-6,000 feet 
per minute, to be properly coated with minimal, if any, occurrence of skip 
coating. 

To collect run-off coating liquid that is not carried away on the paper 
web 52, as seen in Fig. 2, a run-off deflector 120 is on the outer surface of a 
chilled water jacket 122 carried on the plate 64. The run-off deflector leads to 
a return pan, from which coating liquid is returned to the surge tank 82, and 
the chilled water jacket facilitates cleaning of the run-off deflector. 

Figs. 5A and 5B show coating results obtained experimentally when 
coatings were applied onto the same grade of paper with a fountain applicator 
constructed according to Fig. 2 and operated according to the teachings of the 
invention. Fig. 5 A shows 75* gloss obtained at various web speeds and Fig. 
SB shows Parker Printsurf smoothness measurements obtained at various web 
speeds. 

Figures 6 shows a paper coating system that embodies a fountain 
applicator 50 of a type as in either Fig. 2 or Fig. 4. In general terms, the 
fountain applicator 50 applies a coating layer in excess onto the surface of the 
paper web 52 as the web is carried past the applicator on the backing roll 54. 
Downstream from the applicator, a first metering device or doctor- blade 124 
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doctors the coating on th web, leaving on the web surface a uniform and 
limited excess coating layer. Downstream from the first metering device, a 
second and final metering device or doctor blade 126 meters and levels the 
limited excess coating layer to a final coat weight. 

More particularly, as the paper web 52 is carried by the backing roll 54 
past the applicator 50, the applicator applies onto the web surface a coating 
layer in excess, which coating layer is relatively free of entrained air. 
Downstream from the applicator, the first metering devictf"124, which may 
comprise a doctor blade that is biased against the coated web at a relatively 
low doctoring pressure, leaves on the web a nonturbulent; generally uniform, 
relatively quiescent limited excess layer of coating having a wet film thickness 
greater, but not excessively greater, than the final desired wet film thickness. 
The second and final metering means 126, which may also comprise a doctor 
blade, is spaced a short distance downstream from the first doctor and acts on 
the generally uniform and quiescent limited excess layer of coating formed on 
the web by the first doctor. The second doctor is biased against the limited 
excess coating layer at a final doctoring pressure so as to doctor the limited 
excess of coating off of the web and to level the retained coating to an 
exceptionally smooth final layer of coating. The limited excess of coating 
delivered from the first doctor to the final doctor is such as to provide for 
continuous purging and optimum performance of the final doctor. 
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Fig. 7 shows an alternate embodiment of an applicator of a type as shown 
in Fig. 4, such that the description of the Fig. 4 applicator also applies, in general, 
to Fig. 7, and vice versa. As in Fig. 4, in Fig, 7 the upper end of the plate 64 is 
extended along, spaced from and curved to conform to the fluid flow surfaces 76 
and 78, so that the metering slot 70 then extends along and includes the fluid 
flow surfaces. With this arrangement the coating liquid sheet is subjected to 
centrifugal force while within the upper end of the metering slot an elongate 
outlet nozzle 74" is at the uppermost end of a deflector tip 128, and the free 
standing sheet or jet curtain of coating liquid is projected directly from the 
elongate outlet nozzle. 

The width of the outlet nozzle 74" is adjustable to control the width or 
thickness and flow velocity of the sheet of coating liquid emitted therefrom. To 
adjust the width of the elongate outlet nozzle 74" that extends transversely of the 
backing roll 54 in the cross-machine direction, to thereby control the flow 
velocity and thickness of coating liquid emitted therefrom, as seen in Fig. 7 the 
upper end of the deflector tip 128 is channeled at 130 along its length in the cross- 
machine direction to define a relatively thin web of material 132 between 
relatively thick lower and upper portions 134 and 136 of the deflector tip. The 
relatively thin web 132 acts as a spring hinge and permits flexure of the upper 
deflector tip portion 136 with respect to the lower deflector tip portion 134, 
thereby to move an upper tip 138 of the deflector tip upper portion 136 toward 
and away from an upper tip 140 of the plate 64 to adjust the width of the outlet 
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nozzl 74". To control flexur of the deflector tip portion 136, a plurality of 
adjustment bolts 142, spaced along the length of the deflector tip 128 in the cross- 
machine direction, extend through passages in the upper portion 136 of the 
deflector tip, through the channel 130 and into passages in the lower portion 134 
of the deflector tip. 

The adjustment bolts 142 are provided with threads and can operate in 
several different ways to control flexure of the upper deflector tip portion 136 to 
adjust the width of the outlet nozzle 74". For example, the passages in the upper 
deflector tip portion 136 can be threaded, but not those in the lower deflector tip 
portion 134, in which case rotating the adjustment bolts to drive them against 
inner ends of the passages in the lower deflector tip portion would move the 
upper tip 138 of the deflector tip toward the upper tip 140 of the plate 64 to 
reduce the width of the outlet nozzle 74". On the other hand, rotating the bolts 
in the opposite direction would increase the width of the outlet nozzle. During 
such movement of the upper deflector tip portion 136, the web 132 flexes and 
acts as a spring hinge to accommodate flexure of the upper deflector tip portion 
relative to the immobile lower deflector tip portion. 

As a second alternative, the passages in the lower deflector Hp portion 134 
can be threaded, but not those in the upper deflector tip portion 136. With this 
arrangement, rotating appropriately sized adjustment bolts to drive their heads 
against the upper surface of the upper deflector tip portion would move the 
outlet nozzle tip 138 away from the outlet nozzle hp 140 to increase the width of 
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the outlet nozzle 74". On the other hand, rotating the adjustment bolts in the 
opposite direction decreases the width of the outlet nozzle, with the web 132 
again acting as a hinge/ spring. 

A further alternative contemplates that for some of the pairs of aligned 
passages in the upper and lower nozzle tip portions 136 and 134, only the 
passages in the upper portion be threaded, while in the remaining pairs only the 
passages in the lower portion be threaded. This would be a combination of the 
two above-described alternatives, and would accommodate adjustment of nozzle 
outlet width by selectively moving the adjustment bolts in either the direction 
that reduces, or the direction that increases, the width of the outlet nozzle 74". 

Once the width of the outlet nozzle is adjusted to be a desired size, set 
screws 144 may be tightened to assist in preventing an increase in the width of 
the outlet nozzle under the influence of pressurized coating liquid acting against 
the flow surface 78. 

As compared to the applicator shown in Fig. 2, in the applicators 
structured as shown in Figs. 4 and 7 the coating liquid is confined to a closed 
flow path until it exits the outlet nozzle and is projected in a free standing jet 
curtain of coating liquid toward and against the web surface. Such a closed flow 
path arrangement has been found to result in much higher velocity and thinner 
jet curtains of coating, which increases the operating window of the applicator, 
i.e., the range of coating flow rates that the jet can have without resulting in 
either backflow at high flow rates of skipping in the coating applied on the web 
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at lower flow rates. The feature of a closed flow path, as shown in Figs. 4 and 7, 
has also been found to be more effective at moving air bubbles in the coating 
away from the surface of the coating that ends up next to the web. This is 
because the closed flow path does not allow the thickness of the sheet of coating 
liquid to increase, as can occur when the coating liquid sheet is not confined, 
with the result that the speed of the coating passing over the curved surface 
remains high and the coating is thereby subjected to a stronger centrifugal force 
that causes greater movement of air bubbles in the coating. In consequence, the 
bubbles are moved closer to the tip boundary of the flow where they can be 
removed during blade metering. 

Coating liquid viscosity has a strong effect on the perpendicular distance 
traveled by air bubbles between opposite sides of a coating liquid sheet subjected 
to centrifugal force. When viscosity is increased, the distance traveled by air 
bubbles is dramatically decreased because it is more difficult for bubbles to move 
through thicker liquid. However/ even though the perpendicular distance 
traveled by a bubble is very sensitive to operating conditions when the coating 
liquid is subjected to centrifugal force as it flows around a curve, for specific 
combinations of flow rate and liquid viscosity, the applicator arrangement 
shown in Fig. 2 effectively transports bubbles away from the surface of the 
coating liquid that contacts the web, but the applicators of Figs. 4 and 7 do so 
more effectively. 
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A comparison was conducted between a curved lip nozzle as shown in 
Fig. 2 and such a nozzle in which the downstream end of the curved lip 
terminated in a straight 4 mm long extension tangent to the downstream end of 
the concave curve. It was found that the relative motion of air bubbles increased 
by about 18% with the curved lip having a downstream extension as compared 
to the curved lip design without an extension as shown in Fig. Z 

A comparison was also conducted between the Fig. 2 design and those 
shown in Figs. 4 and 7. It was found that the designs of Figs. 4 and 7 yielded the 
most dramatic improvement on the bubble moving ability of the concave curved 
surface across which the coating liquid sheet is flowed to subject it to centrifugal 
force. Making the coating liquid flow path, including the concave curved section 
of the flow path be a closed and conjfined path, and having nozzle outlet orifice 
be at the downstream end of the flow path, caused the thickness of the emitted 
jet or free standing curtain of coating liquid to decrease from a 0.12 cm thickness 
obtained with the Fig. 2 applicator, to a 0.084 cm thickness for a given outlet 
nozzle width. For a given flow rate of coating, this increased the flow velocity of 
the jet curtain of coating liquid, and the relative movement of 250 jim bubbles 
increased by 85% with applicator nozzles structured as shown in Figs. 4 and 7 as 
compared to the applicator nozzle structured shown in Fig. 2. This dramatic 
increase in bubble movement was caused by the larger centrifugal force that the 
coating liquid sheet was subjected to as if moved through the closed or confined 
flow path of the Fig. 4 or the Fig. 7 applicator. Confining the coating liquid flow 
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around the concave curved portion of the flow path effectively doubled the 
velocity at the center of the flow, and thereby caused the air bubbles to move 
closer to the top flow boundary on the side of the sheet of coating away from the 
concave curved surface. 

While liquid viscosity has a major impact on bubble movement within the 
coating liquid flow, because real coating liquids have very large viscosities, and 
because the feed-gap width in the curved nozzles of Figs. 4 and 7 is relatively 
small, the stability of the coating flow is most influenced by the flow rate of the 
liquid. This parameter is easy to control, so an applicator can be operated below 
the flow limit for the formation of G5rtler-like vortices. Therefore, the curved 
nozzles of Figs. 4 and 7 are less susceptible to flow instabilities compared with 
the nozzle design of Fig. 2. 

While embodiments of the invention have been described in detail, 
various modifications and other embodiments thereof may be devised by one 
skilled in the art without departing from the spirit and scope of the invention, as 
defined in the appended claims. 
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